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SUNSET  IX  THE  "GOLDEN  GATE" 

An  Essay  in  Elementary  Astronomy 

BY  CLARENCE  E.  WOODMAX 

A  FEW  months  ago  (last  January,  to  be  exact)  an  enthusiastic 
amateur  photographer  friend  of  mine  showed  me  a  very 
beautiful,  cloud-resplendent  photograph,  purporting  to  be 
a  view  of  a  sunset  in  the  middle  of  the  Golden  Gate  of  the  Bay  of 
San  Francisco,  taken  three  days  before,  from  the  "Loggia"  (or 
observing  floor)  of  the  Sather  Tower  (popularly  called  the  "Cam- 
panile") on  the  Campus  of  the  University  of  California. 

The  picture  was  a  veritable  work  of  art,  pictorially;  but  it 
looked  suspicious  to  me  for  two  reasons :  First,  because  I  knew  that 
the  sun  could  not  possibly  set  in  the  "axis"  of  the  Golden  Gate  at 
that  time  of  year;  and  secondly,  because  the  semi-circle  of  the  sun's 
disc,  as  shown  in  the  photograph,  was  much  too  large.  And  this, 
by  the  way,  is  an  error  into  which  nearly  every  artist  falls.  I  have 
never  seen  a  drawing  or  a  painting,  depicting  either  sun  or  moon, 
which  did  not  represent  them  as  altogether  too  big.  As  an  illum- 
inating example:  in  this  particular  photograph  the  diameter  of  the 
sun  filled  just  one-half  of  the  width  of  the  Golden  Gate.  Now  the 
length  of  the  line  between  Fort  Point  and  Lime  Point  (the  narrowest 
part  of  the  Golden  Gate)  is  very  nearly  one  mile;  and  it  subtends 
(from  the  Campanile)  an  angle  of  five  degrees.  So  my  friend  had 
made  his  sun  just  about  ten  times  as  large  as  it  ought  to  be!  He 
confessed  afterwards  that  his  fine  picture  was  a  "fake";  that  he  had 
pasted  a  semicircle  of  opaque  paper  on  the  horizon  of  the  negative, 
and  printed  in  a  "cloud  effect"  to  simulate  a  sunset. 

The  question  then  arose:  "When  does  the  sun  (as  seen  from  the 
Sather  Tower)  really  set  in  the  middle  of  the  Golden  Gate?"  The 
following  is  offered  as  an  answer — for  the  special  benefit  of  the 
younger  readers  of  the  JOURNAL. 

The  azimuth  of  the  axis  of  the  Golden  Gate  was  calculated  by 
three  separate  and  independent  methods;  and  the  mean  value  found 
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to  be  253°;  (or,  to  put  it  exactly,  in  the  language  of  surveyors,  N. 

107°  01'  34"  W.)     The  height  of  the  Tower,  and  its  geographical 

position,  are  of  course,  accurately  known. 
The  arguments,  then,  are: 

Azimuth  (Z)  of  Golden  Gate 
Height  of  eye  above  sea- 
Latitude  of  Tower  (<f>)  . 
Longitude  of  Tower  (X; 


34"  W. 


=  N.  107° 

=  521  feet. 

=  37°  52'  16"  N. 

-  122°  15'  33"  W. 


For  photographic  purposes  we  take  as  the  time  of  sunset  the 
instant  wrhen  the  sun's  centre  is  on  the  visible  horizon.  The  apparent 
altitude  is  then  zero.     But  this  apparent  altitude  must  be  corrected 
for: 
*Parallax  for  zero  alt.    =  +00'  09" 

Refraction     "     "        =  -36'  29"  *.,.,.. 

Dip         "         521  ft.  =  -22' 22" 


Total  correction 


=  -58' 42' 


This  58' 42",  therefore,  is  the 
true  distance  of  the  sun's  centre 
below  the  true  horizon;  making  its 
zenith-distance  (f)  =90°  58'  42". 

Now,  in  the  well-known  "Astro- 
nomical Triangle,"  as  here  shown, 
we  have  given:  the  co-latitude 
(90° -0),  the  zenith-distance  (f), 
and  the  azimuth  (Z),  —  (two  sides 
and  the  included  angle),  —  to  ob- 
tain the  third  side — the  sun's  polar 
distance  (/>), — and  from  that  the 
sun's  declination  (6). 

The  solution  can  be  reached  by 
the  fundamental  formula  of  Spherical  Trigonometry: — 

*Parallax  (in  seconds  of  arc)  is  very  nearly  8.85  X cos  altitude. 

A  close  approximation  for  Refraction  (for  altitudes  not  less  than  10°)  is: 
R  (in  seconds  of  arc)  =  (983  &Xcos  alt.)  -=-(460+0,  where  b  is  the  height  of  the 
barometer  in  inches,  and  /  is  the  reading  of  the  Fahrenheit  thermometer  in  degrees. 

Trie  Dip  of  the  horizon  (in  minutes  of  arc)  is  practically  equal  to  the  square 
root  of  the  height  of  the  eye  in  feet. 
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cos  c  =  cos  a  cos  &  +  sin  a  sin  b  cos  C. 
(or,  as  it  would  be  in  the  Astronomical  Triangle)  : 

cos  p  =  cos  $  sin  </>+sin  f  cos  <f>  cos  Z 
Working  this  out,  we  have: 
cos  r  (  ~  .01707)  Xsin  0  (.61389)  =  -  .01048 
sin  r  (.99985)  Xcos  0  (.78939)  Xcos  Z  (-.29281)  =  -.23110 

Adding  these  two  products,  we  get  —  .24158;  which  is  the  natural 
cosine  of  p.  p.  therefore,  =103°  58'  49". 

The  above  work  involves  very  tedious  multiplications.     It  may 
be  somewhat  abbreviated  by  the  use  of  logarithms;  thus: 

log  sin  $  =9.99994 
log  cos  0  =9.89729 
log  cos  Z  =  9.46658w 


log  cos  < 
log  sin  <j 

r    =8.23234?? 
!>    =9.78809 

8.02043?? 
=  -.01048 

9.36381n 
=  -.23110 

These  two  numbers  (-.01048  and  -.23110)  and  their  sum 
(  —  .24158)  are,  of  course,  the  same  as  those  arrived  at  in  the  former 
process.  But  even  this  demands  unnecessary  work.  It  is  prefer- 
able to  use  a  formula  dealing  with  logarithmic  functions  only.  We 
may  do  this  by  introducing  an  "auxiliary"  angle  (^),  familiar  to  all 
trigonometers,  such  that: 

tan  i^  =  cot  4>  cos  Z 
Then: 


cos  p  = 


sn  <£  cos    \/  — 


cos 


Working  this  out: 

log  cot  4>  =0.10921 
"    cosZ  =  9.46658w 


log  sin  0  =9.78809 


log  tan  \l/  =9.57579n 

^  =159°22/04// 
-r     90°58/42" 


-    =  68°  23'  22 


cos 


9.56620 


p     =9.38308?? 
p   =  103°  58;  49" 
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The  same  conclusion  as  was  reached  in  the  two  preceding  pro- 
cesses. 

There  is  still  another  method  of  making  this  calculation ;  that  of 
Napier's  ''Analogies;"  but  it  is  quite  a  lengthy  one,  as  it  requires  the 
finding  of  the  angles  w  and  h  before  the  determination  of  the  side  p. 
It  gives  the  identical  result,  of  course;  and  has  the  slight  advantage 
of  dispensing  with  negative  logarithms. 

This  polar-distance  (/>),  being  more  than  90°,  means  that  the 
sun  is  south  of  the  Equator,  i.e.,  has  a  minus  declination  (5)  of 
13°  58'  49".  The  "Nautical  Almanac"  assigns  this  declination  to 
February  12th  and  to  October  31st,  1919,  (and  to  practically  the  same 
dates  in  1920). 

To  ascertain  the  time  of  sunset  on  these  dates,  we  have  the 
regular  "sine  formula"  of  Spherical  Trigonometry: 

sin  a  sin  C 
sin  A  =  ~  — : — 
sin  c 

or,  in  the  Astronomical  Triangle: 

sin  f  sin  Z 

sin  h=  ' : — 

sin  p 

where  h  is  the  hour-angle  of  the  sun;  i.e.,   the  angle  at  the  Pole 
between  the  meridian  of  the  observer  and  the  sun's  meridian  at  the 
time.     (The  other  symbols  have  been  previously  explained.) 
Working  this  out: 

log  cosec      p  =  0.01306 

sin      t=  9.99994     * 
sin     Z  =  9.98053 


sin      h  =  9.99353 

&  =  80°08'  10" 

Reducing  this  to  time,  h  =  5  hours  20  minutes  33  seconds. 

This  is,  of  course,  Sun  (or  Apparent)  time  P.M.  To  reduce  it  to 
clock  (or  Standard)  time,  we  must  apply  (1)  the  Equation  of  Time 
for  the  given  date,  and  (2)  the  constant  correction  for  longitude. 
The  time-equation  for  February  12th  is  -f!4m  24s;  for  October  31st 
it  is  -  16m  16s.  The  longitude  (X)  of  the  Sather  Tower  is  122°  15'  33' 
W;  making  its  local  time  9m  2s  slow  of  the  local  time  of  the  Pacific 
"Standard"  meridian,— the  120th. 
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Hence  we  have: 

Local  Apparent  time 
Equation  of  time 

Local  Mean  time 
Correction  for  X 


For  Feb. 

=  5h  20m  33s 
=  +  14     24 


5    34    57 
+  09    02 


For  Oct. 

h  20m 


5 
-  16 


33s 
16 


5    04 

+  09 


17 
02 


Pacific  Standard  time     =5    43    59  5    13     19 

Therefore  the  sun,  as  seen  from  the  Campanile  of  the  University 
of  California,  sets  in  the  middle  of  the  Golden  Gate  at  5:44  p.m.  on 
February  12th,  and  at  5:13  p.m.  on  October  31st,  Pacific  Standard 
Time. 

NOTE — A  reference  to  Burdwood's  "Azimuth  Tables"  (or  to  those  published 
by  the  U.S.  Hydrographic  Office)  will  show,  by  simple  inspection,  the  results  of 
the  above  calculations:  i.e.,  the  Date,  the  Sun's  Azimuth,  and  the  Time  of 
Sunset. 
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